charbon: il suffit qu'au liquide qui tient en suspension la bact6ridie on ait associ6 en meme temps des bact6ries communes"). It was soon established that when anthrax, typhoid, staphylococcus, diphtheria, and other bacteria are added to the soil they are rapidly antagonized by the soil microbes. Such common saprophytes as Bacterium fluorescens and Bacterium pyocyaneum were found (Garr6, 1887; Bouchard, 1889; Freudenreich, 1888) to produce substances, antagonistic to the colon-typhoid group of bacteria as well as to many others. The degree of inhibition varied with the organisms antagonized. Frost (1904) , who was among the first to make a detailed study of the r6le of soil organisms in repressing the development of pathogens, found that the saprophytes produce substances which not only inhibit the growth of the pathogens, but bring about their destruction. The nature and activity of these thermostable substances were found to depend not only upon the nature of the antagonist, but also upon the specific strain, the composition of the medium and the conditions of growth, especially aeration.
An extensive literature has accumulated on this subject. The numerous antagonistic organisms so far described can be divided into four distinct groups:
The first group comprises bacteria belonging to Pseudomonas aeruginosa (Bacterium pyocyaneum), Pseudomonas fluorescers, and related forms. Marked differences in ability to antagonize bacteria appear to exist among the various strains. The specific nature of the active substance has received a great deal of consideration, various claims having been made that it was an enzyme, a pigment, or a lipoid. Hettche (1934) has shown that it passes through collodion membranes, as well as through Seitz and other filters, and is of a lipoid type. The second group of antagonists comprises various sporeforming bacteria, belonging to the Bacillus mycoides and Bacillus mesentericus groups. These organisms were found (Pringsheim, 1920;  Much and Sartorius, 1924) to bring about lysis of a number of pathogenic bacteria, including diphtheria, typhoid and cholera. In most cases, the antagonistic organisms seemed to be highly specific, acting only upon certain bacteria and not upon others. Recently, Dubos (1939) isolated from the soil an organism belong-ing to the spore-forming bacteria, which produces a substance capable of destroying gram-positive bacteria; the active agent was crystallized and shown to be a protein derivative. Hettche and Weber (1939) , on the other hand, reported the isolation of an active lipoid from spore-forming bacteria. This substance appears to be far more specific than that obtained by Dubos. A third group of antagonists comprises certain actinomycetes. Some of these organisms inhibit the multiplication of bacteria, whereas others are capable of lysing dead and living bacteria (Lieske, 1921; Gratia and Dath, 1924-1926; Welsch, 1937 Welsch, -1939 Borudulina, 1935 ). An active substance, which seemed to be largely antagonistic against gram-positive bacteria, was produced (Gratia and Dath, 1924-1926; Nakhimovskaia, 1937) . Although this substance was designated as "actinomycetin" (Wplsch, 1937 (Wplsch, -1939 , it is fairly certain that different species produce substances which vary in their action.
A fourth group of microorganisms, the fungi, also comprises a number of forms which produce substances active against bacteria, such as "penicillin" obtained by Fleming (1929) , and against fungi, as in the case of Trichoderma species (Weindling, 1932 (Weindling, -1936 .
This brief survey is sufficient to emphasize the fact that various microorganisms are capable of forming substances which either inhibit bacterial growth or are bactericidal, or both. These substances vary greatly in composition, in the nature of the organisms which they antagonize, and in the mechanism of the process of inhibition or bactericidal action. Most of the antagonistic organisms appear to act upon gram-positive bacteria, although many also antagonize gram-negative forms. We report certain preliminary results of a study of the nature Attention may be directed here to the fact that the measurement of the concentration of bacteriophage in bacterial cultures is based upon the use of suspensions of live bacteria in agar. Lieske (1921) and Gratia and Dath (1924-1926) by the use of heat or chemicals, and exposed the plates to the air in order to catch chance antagonists in the dust. Schiller (1924- onists was greatly increased in the soil by gradual enrichment with live cells of the specific bacteria which were to be antagonized. A number of antagonistic organisms were isolated. This report will be limited, however, to a discussion of only two antagonists: (1). a gram-negative organism representing a strain of Pseudomonas aeruginosa; (2). a species of Actinomyces be-longing to the chromogenous type, producing black pigments on protein media.
ISOLATION OF ANTAGONISTIC MICROORGANISMS FROM SOIL
In order to demonstrate the effect of enrichment of soil with specific bacteria upon their disappearance and upon the accumulation of organisms antagonistic to them, the results of one experiment are reported (tables 1 and 2). Escherichia coli was used for enrichment purposes. The physical and chemical soil conditions had no injurious effect upon this organism, since it erichia coli cells led to their rapid disappearance; the rate of their destruction increased with every subsequent addition of fresh bacterial cells. The destruction of the Escherichia coli was brought about by the development of certain antagonistic microbes which began to multiply rapidly in the enriched soil (table  2) . The high number of antagonists even in the control soil may have been partly due to contamination of some of this soil kept in the laboratory, with Escherichia coli cells, which resulted in an enrichment of antagonists. When fresh field soils were tested, a much smaller number of antagonists was found in one and only a few in another. The total number of bacteria in the enriched soil, as determined by the plate method, increased very greatly, because the cells of Escherichia coli served as good nutrients for many of the soil microorganisms, especially the antagonists. Several of the organisms isolated were active against the coliform group of bacteria and Brucella abortus, in addition to various gram-positive bacteria. Particular emphasis was laid upon a member of the Pseudomonas aeruginosa group and a species of Actinomyces. These two organisms were grown on a peptone solution (1 per cent Bacto tryptone + 0.5 per cent NaCl), in shallow layers, at 370C. and 28'C. respectively, for 5 to 10 days. In the case of the Actinomyces, it was sufficient to filter the culture through paper; in the case of the bacterium, a Seitz filter was used to obtain bacteria-free preparations. These were added, in varying concentrations, to sterile nutrient agar media and the inhibiting effect upon various bacteria was tested. Table 3 shows the inhibiting and bactericidal effect of Pseudomonas aeruginosa upon the growth of two test bacteria. Escherichia coli was killed rapidly, as demonstrated by streaking the culture on an Endo plate, even when inoculated 1-3 days before Pseudomonas aeruginosa was sufficient to inhibit the growth and even kill Escherichia coli, the bacteria-free filtrate had no effect upon this organism, although it had a decided effect upon the other three bacteria tested. An attempt was now made to obtain the active substance in concentrated form. Various reagents were used for extraction Pseudornonas aeruginosa, changed from neutral to pH 9.0; the presence of glucose increased the growth of the organism but did not affect the final pH value. The addition of glucose to the culture reduced its effectiveness; however, it increased the activity of the ether-soluble substance. This is due to the fact that the whole culture, including the thick, slimy growth mass, was ex- tracted with ether; a good deal of the active substance was retained by the cells, growth being heavier on the glucose-containing media. In the presence of Escherichia coli, which made an effective growth for 24 hours, Pseudomonas aeruginosa did not develop so well, especially in the presence of glucose; this is due to the fact that Escherichia coli used up a large part of the nutrients and changed the reaction of the medium to acid, in the presence of glucose. As a result of this, in spite of the fact that the Escherichia coli was killed, the antagonist produced only a Gratia (1924 Gratia ( -1926 and Welsch (1937 Welsch ( -1939 .
Further studies brought out the fact that many of the actinomycetes of the soil are antagonistic to different bacteria. Some were found to be more effective against the colon group of bacteria, while others were more effective against the Brucella group. It was also demonstrated that the coliform group could The specific action of the antagonists against these organisms may offer an explanation for the common observation that Escherichia coli dies out rapidly when added to the soil, whereas Aerobacter aerogenes becomes established in the soil.
The inhibiting action of the active ether-soluble substance isolated from the antagonistic Actinomyces grown on agar media was found to be, in the case of the three test organisms, as follows: A dilution of 1:2,500,000 inhibited the growth of Sarcina lutea and of Bacillus mycoides, and 1:25,000 inhibited the growth of Escherichia coli ( fig. 5 ).3 Bactericidal action of active substances. Attention has already been called to the fact that the two antagonists studied here have a marked bactericidal effect upon various gram-positive and gram-negative bacteria. This action is not limited to the presence of living and multiplying cells of the antagonists, but is also brought about by the formation of certain bodies which can be isolated from solid and liquid cultures of the antagonists. These active bodies are adsorbed by charcoal and are dissolved by ether. By the use of the latter, followed by treatment with alcohol, then with water, an aqueous solution of the active substances is obtained. This solution had a marked bactericidal effect upon Escherichia coli and Brucella abortus, as brought out in table 8. The tests were made by adding various dilutions of the active substance to 10 ml. of sterile water containing a suspension of living Escherichia coli cells grown on agar media, removed, centrifuged, washed with water and again centrifuged. The apparent increase in the number of cells as a result of addition of very dilute solutions of the active substance may be due to the separation of the flocculated material which otherwise tends to Settle to the bottom. amounts of the crude active substance isolated from the antagonists. One ml. of the actinomycin containing about 0.4 mgm. of the crude active substance killed all cells in 24 hours; it also killed in that period of time, all the cells in twice the above concentration (68 million viable cells); however, when five times the concentration was used, not all the Brucella cells were killed unless double the concentration of the antagonist was used. The active substance of Pseudomonas aeruginosa was less effective.
A study was now made of the effect of the active substance upon actively growing cultures of the three test organisms. Onemilliliter portions of the actinomycin (0.4 mgm.) and bacterial substance were added to 10 ml. nutrient broth inoculated with the different organisms. The results ( In order to illustrate the selective bactericidal effect of the two active substances upon a mixed bacterial population, varying amounts of these substances were added to 10-ml. portions of fresh milk. These were incubated, for 6 and 16 hours, at 280C. (table 10) show that both active substances had a marked effect, even in very low concentrations, in killing and in inhibiting the multiplication of certain types of bacteria in the milk. When 0.1 and 1.0-ml. portions of actinomycin were added to 10-ml. portions of nutrient agar and fresh soil plated out, using these media, the reduction in the number of bacterial and actinomyces colonies was 97-99 per cent for the lower concentration and 100 per cent for the higher. The fungi of the soil did not seem to be affected.
SUMMARY
The soil contains a number of different types of microorganisms antagonistic to various bacteria belonging to the gram-positive and gram-negative groups. By enriching the soil with the specific bacteria, the corresponding antagonists increase and can be readily isolated. This has been done most readily by the use of an agar medium containing viable cells of the specific organism as the sole available nutrient.
Out of a number of antagonistic organisms isolated from the soil, two were studied in greater detail, one a bacterium belonging to the Pseudomonas aeruginosa group, and the other an Actinomyces. These organisms were found to inhibit the growth of several gram-negative bacteria, as well and, even to a greater extent, of numerous gram-positive bacteria.
The active substance produced by the two antagonists was found to be largely thermostable; it passed through a Seitz filter, it was removed by charcoal and was, partly at least, ethersoluble. Highly active preparations were obtained which inhibited, in very dilute solutions, the growth of Escherichia coli, Brucella abortus, and of many other bacteria.
The active substance had also a strong bactericidal effect upon Escherichia colt and Brucella abortus; 1 ml. of the preparations containing 0.4 mgm. of the crude active substance killed aqueous suspensions of Escherichia coli (215,000,000 viable cells) and of Brucella abortus (68,000,000 viable cells).
The active substance of the two antagonists was found to reduce, in very low concentrations, the bacterial population of natural substrates, such as milk; when added to agar it prevented the development of the great majority of soil bacteria and actinomycetes, but not of fungi.
